Cefepime-induced encephalopathy including nonconvulsive status epilepticus has been known to develop in the patients with renal impairment. However, we report a 74-year-old woman with normal renal function who developed stuporous mental status during cefepime administration. Electroencephalogram (EEG) revealed 2 Hz rhythmic sharp-and-waves continuously, which suggested nonconvulsive status epilepticus (NCSE). After cefepime discontinuation, clinical symptoms recovered gradually and EEG findings showed only background slowing without epileptiform discharges. Cefepime-induced NCSE could be developed even in the patients with normal renal function, when they are elderly.
Introduction
Cefepime is a fourth-generation cephalosporin with broad spectrum coverage of gram-positive and negative bacterial strains. Its potency is higher than many other currently available cephalosporins. As cefepime is excreted via kidney predominantly (85%), renal dysfunction may lead to reduction in clearance of cefepime and accumulation in blood flow and cerebrospinal fluid. If the concentration of cefepime reaches the toxic level, it may induce neurotoxicity manifested as myoclonus, altered mental status, and seizure. Thus, it has been reported that cefepime-induced central nervous system (CNS) toxicity, including non-convulsive status epilepticus (NCSE), mainly occurs in patients with impaired renal function. [1] [2] [3] [4] To our knowledge, there is few cases of cefepime-induced NCSE despite normal renal function. 5 We report a rare case of a 74-year-old woman with normal renal function, who was diagnosed with NCSE during cefepime administration.
Case
A 74-year-old woman with history of hypertention was transferred to department of Neurology due to altered mental status developed 1 day ago. Four months ago, she was diagnosed with osteomyelitis at the right mandible and underwent the first surgery to remove sequestrum at the site of infections in the department of dentistry. Postoperatively, however, the patient had a persistent presence of pain. Head and neck computed tomography (CT) scans showed recurrence of inflammation with a pathologic fracture of the surgical site ( Fig. 1) . Therefore, the patient underwent the second surgery and discharged. At follow-up out-patient clinic, however, recurrence of infection was found at the site of surgical operation again, for which the patient was hospitalized again for third surgery and received imipenem/cilastatin 500 mg every 12 hours. The patient underwent incision and drainage of pus. As an enterococcus species was identi- fied, and pus increased in spite of imipenem/cilastatin use, imipenem/cilastatin was replaced with vancomycin. In addition, repeated bacterial culture study identified an Escherichia coli (E. coli).
Therefore, the patient received a concomitant use of cefepime 2 g ev-ery12 hours. The dosage of cefepime was determined considering her renal function. Blood urea nitrogen/creatinine (BUN/Cr) was 12.3/0.7 and creatinine clearance (CCr) calculated by Modification of Diet in Renal Disease (MDRD) formala was 87 mL/min/1.73 m 2 , which suggested normal renal function.
On the 6th day since cefepime administration started, the patient achieved a normalization of vital signs and an improvement of complete blood counts. On day 7 after cefepime used, however, the patient complained of general weakness with somnolence. Moreover, on the 9th day since cefepime administration, the patient presented with stuporous mental status. Then, the patient underwent magnetic resonance imaging (MRI) and a cerebrospinal fluid (CSF) analysis, which showed no abnormal finding. The patient showed stuporous mental status, subtle tonic spasm in both arms and irregular jerky movement like stepping on a pedal in both legs intermittently. We performed electroencephalography (EEG), which showed 2 Hz rhythmic spike-and-waves continuously. Based on the EEG findings and clinical course, we diagnosed the patient with NCSE ( Fig. 2A ). As the other etiology causing NCSE was not identified, we suspected cefepime-induced NCSE and cefepime was withdrawed. This was accompanied by the initiation of the intravenous injection of phenytoin 15 mg/kg. Within 3 days, her mental status was gradually recovered from stupor to drowsiness, and EEG showed only background slowing without epileptiform discharge (Fig. 2B) . She recovered to pemorbid status within 4 days after discontinuation of cefepime.
Discussion
Cefepime-induced neurological complications occur at an approximate incidence of 1-3%. 1, 2, 6 These complications include confusion, delirium, stupor, coma and seizure, which are known to occur within mean period of seven days (range, 1-24 days) after the cefepime treatment. In addition, it has been reported that a mean period of 3 ± 5 days elapse between the onset of symptoms and the diagnosis of cefepime-induced neurological complications. 1, 2, 6 The risk factors of cefepime-induced encephalopathy have been known to be intracranial lesions, advanced age and especially renal failure. 1, [7] [8] [9] The
United State Food and Drug Administration released safety announcement about cefepime and risk of seizure in patients not receiving dosage adjustment for renal impairment. 10 According to FDA's Adverse Event Reporting System (AERS) database, from the approval of cefepime, in 1996, through February 2012, 59 cases were identified as NCSE during cefepime administration. Renal dysfunction was present in 58 out of 59 patients (in one patient, renal status was unknown). In 56 out of 59 patients, cefepime dose was not appropriately adjusted for renal impairment according to the recommendation in the cefepime label. 10 As the renal clearance of cefepime would be reduced in patients with renal failure, this may lead to the increased levels of cefepime. Moreover, it is noteworthy that the blood-brain-barrier may be impaired and this would lead to the occurrence of cefepime-induced neurotoxicity in patients with uremic encephalopathy or other types of encephalopathy because it permits the blood-to-brain influx of high-level of cefepime. 2, 11 Still, however, little is known about the exact mechanisms how cefepime-induced neurotoxicity occurs. To explain this, the following mechanisms have been postulated: 12, 13 (1) Cefepime acts as a competitive antagonist of gamma amino- butyric acid (GABA)-A and thereby blocks the GABA-A receptor. (2) Due to the decreased inhibitory activity of GABA, the release of excitatory amino acids is increased or GABA release from nerve terminals is decreased. (3) The above phenomena lead to the over-excitation of electrical activity of neurons and the occurrence of CNS toxicity such as seizure. In this recent guideline, the optimal dose of cefepime should be within a narrow range of value as compared with previous ones. Of note, however, cefepime-induced neurotoxicity may also occur even at a controlled, adjusted dose in patients with normal renal function, as shown in our case. Moreover, it would also mandatory to meticulous monitor the creatinine clearance because cefepime-induced nephrotoxicity may occur. Further studies are therefore warranted to determine the appropriate monitoring period. In our case, the patient was monitored for the creatinine clearance at a 3-day interval. On day 7 since cefepime administration, when the patient complaint of general weakness, creatinine clearance was 58 mL/min/1.73 m 2 , which was decreased level compared to the creatinine clearance when cefepime administration was started (87 mL/min/1.73 m 2 ), however, it was still within nearly normal range. Thus the patient took cefepime 2 g every 12 hours till next day. However, a day after cefepime discontinuation, creatinine clearance revealed her renal function was deteriorated (creatinine clearance = 36 mL/min/1.73 m 2 ). We assumed that renal function on the deteriorating process may contribute to the cefepime-induced NCSE, although creatinine clearance was nearly normal range when cefepime was administrated. Therefore it may be important to monitor the creatinine clearance carefully, detect the change of renal function and adjust cefepime dose according to recommendation in order to prevent cefepime-induced neurotoxicity. It would be necessary to be cautious when the renal function is deteriorating although it is still within normal ranges. It is desirable that serum cefepime levels be measured directly to monitor the optimal dose of cefepime. This deserves further studies because serum cefepime levels are rarely measured in a clinical practice setting. On the other hand, imipenem/cilastatin might have additive effects to the development of encephalopathy, as imipenem has adverse effect of encephalopathy or seizure, especially in the patients with renal dysfunction or brain lesions. 14 However, for the dosage of imipenem did not exceed the guideline and the patient developed encephalpathy 12 day after the cessation of imipenem, the effect of imipenem would be small, if any.
In conclusion, cefepime-induced NCSE could be developed in the patients with normal renal function, especially they are elderly. Therefore, when clinicians administer cefepime to patients, they should consider cefepime-induced neurotoxicity and check EEG in case of neurologic complication.
